Visualizing hepatitis C virus infections in human liver by two-photon microscopy.
Although hepatitis C virus (HCV) is a common cause of cirrhosis and liver cancer, efforts to understand the pathogenesis of HCV infection have been limited by the low abundance of viral proteins expressed within the liver, which hinders the detection of infected cells in situ. This study evaluated the ability of advanced optical imaging techniques to determine the extent and distribution of HCV-infected cells within the liver. We combined 2-photon microscopy with virus-specific, fluorescent, semiconductor quantum dot probes to determine the proportion of hepatocytes that were infected with virus in frozen sections of liver tissue obtained from patients with chronic HCV infection. Viral core and nonstructural protein 3 antigens were detected readily in liver tissues from patients with chronic infection without confounding tissue autofluorescence. Specificity was confirmed by blocking with specific antibodies and by tissue colocalization of distinct viral antigens. Between 7% and 20% of hepatocytes were infected in patients with plasma viral RNA loads of 10(5) IU/mL or greater. Infected cells were in clusters, which suggested spread of the virus from cell to cell. Double-stranded RNA, a product of viral replication, was abundant within cells at the center of such clusters, but often scarce in cells at the periphery, consistent with more recent infection of cells at the periphery. Two-photon microscopy provides unprecedented sensitivity for the detection of HCV proteins and double-stranded RNA. Studies using this technology indicate that HCV infection is a dynamic process that involves a limited number of hepatocytes. HCV spread between cells is likely to be constrained by host responses.